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This Thesis is devoted to a theoretical study of self-assembly in specific block-
copolymer systems. The ability of block copolymer-based systems to organize at the 
nanoscale level depends on several parameters, such as volume fraction of the different 
components, their molar masses and the strength of the interactions. This work in its 
main part presents a theoretical analysis of two different classes of nanostructured 
systems: a lamellar self-assembled diblock copolymer/homopolymer blend where the 
homopolymer component interacts favorably  with one of the blocks of the diblock 
copolymer, and lamellar-in-lamellar self-assembled linear binary and ternary two-length-
scale multiblock copolymers. The lamellar-in-lamellar self-assembled states of the latter, 
are analysed in detail in this Thesis. 
A literature overview of  diblock copolymer/homopolymer blends and multiblock 
copolymers with two intrinsic length scales is given in the introductory part.  
The main theoretical part of this Thesis starts from a theoretical analysis of the 
lamellar self-assembled state of blends of a diblock copolymer and a homopolymer 
where the homopolymer is assumed to interact favorably with one of the blocks of the 
diblock copolymer. Throughout the discussion a strong segregated lamellar morphology 
is assumed to be present, i.e. sharp interfaces, with the homopolymer dissolving 
exclusively in one of the two different layers. The essential parameter governing the 
incorporation of the homopolymer inside the corresponding lamellar domains turns out to 
be )4/()( 2/3χπγυ aNk = . Here γ  is the interfacial tension, N  - the block copolymer 
chain length and χ  the Flory-Huggins parameter representing the favorable interaction 
between the homopolymer and the corresponding block. The homopolymer is assumed to 
have a chain length exceeding N. Furthermore, γ  is assumed to be constant even if some 
homopolymer is present at the interface. The value of k determines whether the dissolved 
homopolymer will be able to reach the interface. If k is sufficiently small this will be 
possible, however, for the homopolymer to be actually present at the interface the amount 
of homopolymer still has to exceed some critical volume fraction. If that is the case, the 
homopolymer distribution is close to parabolic with its minimum at the interface and its 
maximum in the centre of lamellar microdomain, i.e. at the mid plane. If these 
requirements are not met, a “dead” zone will be present near the block copolymer 
interface where no homopolymer is present. Additionally, the maximal amount of 
homopolymer that can be incorporated may also be bounded. This property is, however, 
of less interest since for a large amount of homopolymer the assumption of a lamellar 
morphology will in general no longer hold. These predictions are based on calculations 





distribution of homopolymer to be small. Such effects do, however, become important in 
the case of weakly favorable homopolymer-block copolymer interactions, i.e. 1<<χ . 
Since these conformational effects are unfavorable regarding the dissolution of the 
homopolymer into the lamellar domains, a critical value criticalχ  exists such that for all 
criticalχχ ≤  the homopolymer will not dissolve.  
The last three chapters of the manuscript are devoted to a theoretical study of the 
lamellar-in-lamellar self-assembled state of a specific class of two-length-scale linear 
multiblock copolymers. The main aim of this study is to relate the number of “short” 
blocks of the middle part of these multiblock copolymer to the number of “thin” internal 
layers.  
We start our analysis from linear ternary multiblocks of the C-b-(B-b-A)m-b-B-b-C 
type. In Chapter 5 the number k of “internal” layers for the lamellar self-assembled state 
of these C-b-(B-b-A)m-b-B-b-C multiblock copolymers is determined as a function of m 
in the strong segregation limit. The outer C-blocks are assumed to be considerably longer 
than the 2m+1 blocks of equal length of the (B-b-A)m-b-B middle multiblock. The self-
assembled state is assumed to consist of k “thin” A- and B-layers sandwiched between 
“thick” C-layers. We demonstrate that to a large extent the domain formation is 
determined by the interplay between interfacial forces and elastic stretching of the 
individual blocks. The combinatorial contribution, corresponding to the number of 
different possibilities to create global loops or bridges, is taken into account in an 
approximate manner. This combinatorial effect becomes more pronounced for larger 
values of . The theoretical predictions are in excellent agreement with the available 
experimental data. In order to investigate the influence of the block length and the Flory-
Huggins interaction parameters
m
ABχ   and BCχ , on the number of internal layers in more 
detail we present an alternative analysis using the Alexander-de Gennes approach in 
Chapter 6. This simplified description allows us to get a clearer physical picture of the 
layers formation in these systems. We demonstrate that by increasing the unfavorable 
interactions between the B- and C-component we can achieve the “fully stretched”, i.e. 
maximal number of internal layers, state of the multiblock copolymer. The opposite 
effect also occurs: increasing the unfavorable interactions between the A- and B-
component we can get a structure with the minimal number of internal layers. Increasing  
the chain length of the end blocks also promotes structures with more internal domains. 
The theoretical predictions made in this chapter are corroborated by computer 
simulations results obtained by using the dissipative particle dynamics technique. 
Physically the situation is fundamentally different for the two-length-scale linear 
binary A-b-(B-b-A)m-b-B-b-A multiblock copolymers, discussed in Chapter 7. Compared 
to the ternary system, where all middle blocks are located in between the domains formed 
by the outer “long” end blocks, the binary system is considerably more complicated. Here 
the “short” A blocks of the (B-b-A)m middle multiblock can also be located inside the 
domains of the “long” A end blocks. This brings as an important new  element in the 
analysis a conformational contribution associated with the “concentration” gradient in the 
outer A-domain due to the presence of “short” middle A-blocks. This gives an additional 
interfacial area depending contribution that turns out to be essential for the internal 
domain formation. Of course, similar conformational effects are present in the internal 




domains of both the binary and ternary multiblock copolymer systems. However, these 
contributions are small compared to that of the outer domains in the binary multiblock 
copolymer system where we are dealing with “long” A end blocks together with loops 
formed by “short”A middle blocks. Without this additional interfacial contribution the 
final morphology would simply consist of alternating “thick” A-layers and “thin” B-
layers. Because of this term, however, there is a strong tendency to form a “thin” 3 
internal B-A-B layer, exactly as found in the only experimental study available.   
 
 
